Chronic metal toxicity is a concern in the Canadian Arctic because of the findings of high metal levels in wildlife animals and the fact that traditional fd statutes a major component of the diet of indigenous peopIes. We ned exposure totrce metals though traditional fod resources for Inuit living in the community of Qikiqtajuaq on Baffin Island in the eastern Arctic. Mercury, cadmium, and lead were d ined i local food resources as normally prepared and eaten. Elevated concentrations of mercury (>50 pg/1lO g) were found in ringed seal liver, narwbal matnak beluga meat, and beluga mattak, and actively hig on ations of cadmium an lead (>.100.pg/100 g) were fiond in ringed seal liver, mussels, and kelp. Quantified dietary recalls taken seasonally reflected normal consumption patterns of these food resources by adu't men and women (>20 years old) and children (3-12 years old). Based on traditional food consumpt~ion, the average daily intake levels of total mercury for both adults (65 pg for women and 97 pg for men) and children (38 pg) were higher than the anadian avera value (16 pa). The average weeldy intake of mercury for all age groups exceeded the intae guides (5.0 pg/cg/day). established by the Joint Food and Agriculture
pIes. We ned exposure totrce metals though traditional fod resources for Inuit living in the community of Qikiqtajuaq on Baffin Island in the eastern Arctic. Mercury, cadmium, and lead were d ined i local food resources as normally prepared and eaten. Elevated concentrations of mercury (>50 pg/1lO g) were found in ringed seal liver, narwbal matnak beluga meat, and beluga mattak, and actively hig on ations of cadmium an lead (>.100.pg/100 g) were fiond in ringed seal liver, mussels, and kelp. Quantified dietary recalls taken seasonally reflected normal consumption patterns of these food resources by adu't men and women (>20 years old) and children (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) years old). Based on traditional food consumpt~ion, the average daily intake levels of total mercury for both adults (65 pg for women and 97 pg for men) and children (38 pg) were higher than the anadian avera value (16 pa). The average weeldy intake of mercury for all age groups exceeded the intae guides ( (1) . Natural baseline levels of trace metals in air, soil, rivers, lakes, and oceans are usually low, but in certain forms and at sufficiently high concentrations, trace metals can be toxic to living organisms. The major source of human exposure to trace metals from the environment is from food (2) .
The Canadian north is richly endowed with metal deposits. Natural withering of ore and mining activities are major sources of trace metal contamination in the Canadian Arctic (3) . There is some evidence for deposition of aerosol lead (4) , suggesting long-range transport may also be a possible source of lead contamination. In 1986, 14 mines were producing lead, zinc, silver, gold, copper, cadmium, and arsenic in the Canadian Arctic; before 1986, 68 mines had been developed and abandoned (5 (7) . The Nanisivik mine on Baffin Island is one of the two operating lead-zinc mines in the Canadian Arctic. Concentrations of lead, zinc, cadmium, and arsenic in ocean sediments near the Nanisivik mine are higher than predevelopment levels (8) , and relatively high metal concentrations have been reported in biota of various trophic levels in Strathcona Sound near Nanisivik (9) . The long-term effects of the elevated metal levels on the ecosystem, including wildlife food resources, is still unknown.
In the Canadian Arctic, cadmium, lead, and mercury contamination is of major concern (10), partly because of bioaccumulation in the food chain. Elevated levels of these metals have been reported in terrestrial, fresh-water, and marine biota (5, 11, 12) . For example, high concentrations of cadmium were found in kidney of narwhal (6360 pg/100 g) (13) and of caribou (16,600 pg/100 g) (14) . Although concentrations of metals in the biota are generally lower in the Arctic than in southern Canada, there is considerable concern for their possible adverse effects on human health, particularly for indigenous peoples living in remote areas dependent on wild animals and plants for food. Because of the nutritional benefits and cultural significance of these traditional food items (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) , their consumption is encouraged by native leaders, health professionals, and government agencies. It was estimated that the average annual per capita consumption of traditional food among Inuits is more than twice the estimated Canadian average annual consumption of meat and fish (27) . Preliminary estimations of metal intake from diet based on harvest data and metal contents in wildlife samples suggest that some indigenous peoples may have undesirable levels of metal exposure from their traditional diet (14, 28, 29) . Therefore, more detailed and reliable studies on dietary intake are required to assess the health risks of trace metals on indigenous peoples. The best way to assess risk from multiple contaminants is a comprehensive dietary survey and chemical analysis of contaminant contents in the food collected from the community (30) .
In this paper we report the levels of cadmium, lead, and mercury in traditional food items collected from Qikiqtarjuaq (Broughton Island) on eastern Baffin Island, Northwest Territories (Fig. 1) 24 hr). Dried samples were weighed and digested with 2 mL nitric acid at room temperature overnight. The samples were then heated to 600C for 2 hr. After the digests were cooled to room temperature, 2 mL nitric acid were added and they were heated to 600C for 2 hr to complete the digestion.
The digested samples were made up to 10 mL with deionized water, and the metal contents were analyzed using a Hitachi Z-8200 atomic absorption spectrophotometer with Zeeman background correction and a SSC- 1 (32) . Concentrations of cadmium in ringed seal liver, mussels, and kelp were higher than the action level of 100 pig/100 g or 1.0 ppm. The mean, median, and range of lead were 41.2, 18.6, and 3.2-861.9 pg/100 g, respectively.
The corresponding figures for food composites found in Canada are 2.99, 1.47, and 0.142-40.7, respectively (32). Concentrations of lead in ringed seal liver, mussels, and kelp were higher than the action level of 100 pg/100 g or 1.0 ppm.
In Table 2 Geometric mean of daily intake x 7 x probability of consuming traditional food on any given day/body weight (50 kg for women, 65 kg for men, and 20 kg for children). The probability of consuming traditional food was calculated as the proportion of all food recalls containing traditional food (291/401, 229/301, and 214/451 for women, men, and children, respectively).
bFrom WHO (33).
Canadian average intake levels (30) . The daily mercury intake levels from traditional food for both adults and children were higher than the Canadian average. Cadmium levels were similar and lead levels were lower than the Canadian average. Assuming the average body weights of women, men, and children are 50, 65, and 20 kg, respectively, and that the probability of consuming traditional food on any given day is 0.73, 0.76, and 0.48 for adult females, males, and children, respectively (based on the proportion of food recalls with traditional food mentioned), the average weekly intake was calculated (geometric mean of daily intake x probability of consuming traditional food x 7/body weight) and compared to the provisional tolerable weekly intake (PTWI) levels established by the Joint Food and Agriculture Organization/World Health Organization Expert Committee on Food Additives and Contaminants (33) ( Table 4 ). The weekly mercury intake levels for all age groups exceeded the safe intake guidelines.
The most consumed traditional foods in Qikiqtarjuaq expressed as percentages of the total weight of traditional food mentioned in the food recalls and their contribution to metal exposure as percentages of total intake of each metal are presented in Tables 5-7 . For all individuals studied, ringed seal (Phoca hispida) meat was the most frequently consumed item. It constituted about one-third by weight of all traditional food eaten by both adults and children. It was also the major contributor to all three metals studied: about 40% for mercury, 70% for cadmium, and 20% for lead. Little bearded seal (Erignathus barbatus) was consumed in comparison to ringed seal. Ringed seal meat and liver and narwhal (Monodon monoceros) mattak together contributed about 75%, 71%, and 70% of mercury in women, men, and children, respectively. Ringed seal meat was the single major contributing food item for cadmium in the diet; caribou (Rangifer tarandus) meat and kelp (Rhodymenia or Laminaria spp.) also contributed to approximately 10% of cadmium in the diets of both adults and children. For lead, the major contributing food items were ringed seal meat, caribou meat, and Arctic char (Salvelinus alpinus) meat. Together, these items accounted for about 50% of lead in the adult diets and over 60% of lead in the diets of children.
Discussion
The high concentrations of cadmium, lead, and mercury found in some of the food items (e.g., exceeding the action level set by Agriculture Canada) (31) deserve concern. Because of limited resources, only one or two samples of each food item were Volume 103, Number 7-8, July-August 1995 across three age groups (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) , and >60 years) were compared, and no significant differences were found (data not shown). Therefore, the results from all three age groups were pooled, and the results of average daily intake are presented Table 5 aData from a total of 291 food recalls containing traditional food are pooled and the relative contribution of each food item is expressed as the percentage of the total intake. Traditional food is by weight. aData from a total of 229 food recalls containing traditional food are pooled and the relative contribution of each food item is expressed as the percentage of the total intake. Traditional food is by weight. Metal levels in many types of traditional food were higher than in corresponding market food (Table 2) . However, the difference of components in the traditional food groups and those of the market food makes the direct comparison of the levels of metals difficult. For example, market meats are all from domesticated land animals (beef, pork, etc.), whereas meats of traditional food in Baffin are mainly marine mammals such as seal, narwhal, walrus, beluga, etc. It is known that cadmium and mercury can bioaccumulate in the Canadian Arctic food chain (11) . Therefore, animals on higher trophic levels tend to accumulate higher metal levels than those of lower trophic level. Marine mammals are usually on the third or fourth trophic level in the food chain (9, 34) , whereas cattle raised in Canadian farms are mainly on the first or second trophic level. Therefore, average concentrations of cadmium and mercury in some traditional foods were higher in comparison to the levels of comparable market foods ( Table  2 ). The reason for generally higher lead level in traditional food groups is not known. However, there is a general trend that the prepared food items have higher lead concentrations than the raw samples (Table 1) . Contamination by cooking utensils may be a factor and should be further investigated.
There are some similarities between metal levels found in traditional and market food. For example, high cadmium and mercury concentrations can be accumulated in meat organs and shellfish (35, 36) Environmental Health Perspectives I ---and cadmuim and mercury levels of these two groups are similar to the values found in market food. The fact that cadmium concentrations in green vegetables other than kelp (e.g., oongooli and okowyot) were low and comparable to the average values of market food is a good sign, since concentrations in leafy vegetables are generally a good indicator of cadmium in the local soil (35) . The high cadmium concentration in kelp could be due to fast growth rate of this species and probably a high absorption rate of cadmium from seawater. It is important to determine typical cadmium concentrations in kelp because it constituted a significant percentage (10%) of cadmium in the diet of children ( Table 7) .
Because of the difference of metal levels in different food groups between market and traditional food, the importance of food groups in terms of their contribution to the metal levels in the diet also differ. In a market food diet, the major sources of metals are cereals and vegetables for cadmium; spices and herbs, canned food, and shellfish for lead; and fish for mercury (37) . However, in the traditional diet in Qikiqtarjuaq, the major sources of both cadmium, mercury, and lead are from meat and organ meats.
From the results of these studies, it was found that the estimated average levels of mercury derived from the traditional food in Qikiqtarjuaq exceeded the provisional PTWI levels set by the Joint FAO/WHO Expert Committee on Food Additives (Table 4) (33) . The PTWI has been adopted by the WHO for unavoidable food pollutants such as trace metals. It is designed to level out the great variation between daily intakes and avoid the need to abandon certain food items which have high levels of pollutants but are not consumed frequently, thereby protecting the consumer. These levels were set in the hope that the situation would improve and that it would be possible at a later time to set daily maximum intake recommendations. Therefore, the safety considerations are not as conservative as for acceptable daily intake level. Our results indicate potential health effects due to mercury exposure. A daily intake of 3-7 pg methylmercury/kg body weight may cause adverse effects on the nervous system, manifested as an approximately 5% increase in the incidence of paraesthesia (36) . Assuming 80% of the total mercury is in the form of methylmercury (11) , and average daily intake is equal to the average weekly intake (Table 4) divided by 7, the average daily intake of methylmercury will be 0.75 pg/kg body weight for women, 0.91 pg/kg body weight for men, and 1.5 pg/g body weight for children. These values are higher than the noadverse-effect level of 0.48 pg methylmercury/g body weight. Moreover, the children also have relatively higher intake of lead (23 jig/day or 4.6 pg/kg/week) compared to adults. Therefore, potential effects on the central nervous system during development may be of concern (38) .
Tobacco is a major source of cadmium, and smoking is common among the inhabitants of Qikiqtarjuaq. The average Canadian cadmium intake level is high (69 jig/day) (31) , indicating there may be substantial contribution of dietary cadmium intake from Canadian market food. Although cadmium intake from traditional food was lower than the PTWI in this study, studies of health status of the people in Qikiqtarjuaq related to cadmium intake would be prudent.
Because ringed seal meat is such an important component of the traditional diet and also a contributor to metal intake (70% for cadmium, 20% for lead, and 40% of mercury), metal concentrations in this food should be monitored. The levels of mercury in narwhal mattack, lead in Arctic char meat, and lead and cadmium in kelp could also be included in monitoring programs. A high lead concentration (862 jig/100 g) was found in ringed seal brain. Because seal brain was not a regular component of the traditional diet, it was not a major source of lead in the diet. Similarly, even though the mercury concentrations in beluga meat (797 jig/100 g) and cadmium concentrations in ringed seal liver (214 pg/100 g) were high, they do not contribute significantly to the total dietary exposure of mercury and cadmium reported here.
It has to be emphasized that the objective of this study was to identify potential health risk from metal exposure at a community level. The arithmetic means of daily metal level were much higher than the geometric means and the medians ( Table 3 It is also important to note that both diet and contaminant levels vary among communities (40) . Metal intake levels presented in this study may or may not necessarily reflect food use and metal exposure in other communities in the region. Further research is needed to clarify this important issue.
